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ige, and in congestive failure. Am. J. Physiol. 200(3) : 601-608. 1961 .-In an attempt to study the sequence of renal changes which occur with progressive cardiac impairment, renal plasma flow, glomerular filtration rate, sodium and water excretion were investigated in a group of dogs in the normal state, following the production of tricuspid insufficiency, and then after the superimposition of pulmonary artery stenosis, and the development of frank failure, With mild valvular damage basal Ccr was unchanged, rose or fell slightly, while C&n usually was decreased, At this stage the renal response to a rapid saline infusion was sluggish; CCr, CpAn, sodium and water excretion rose approximately 50% of normal. In frank failure basal C& was unchanged from control levels, or only slightly reduced until late in the course of the disease. Basal CpAH was markedly reduced in all the dogs, with filtration fraction rising to 0.38 in three dogs. Saline infusion produced little or no rise of Ccr and CpAn, and salt and water retention was nearly complete. It is postulated that the early decrease in renal blood flow, and the sluggish response to a saline infusion is the result of increased sympathetic nervous activity in the kidney, and is part of baroreceptor reflex tending to restore the circulation toward normal. (2) and Peters (3) . The present studies were designed to approximate the natural life history of congestive failure by producing serially valvular lesions of increasing severity in dogs. Renal pl Isma flow, glomerular filtration rate, sodium and water :xcretion were studied in each animal in the normal st; te, following the production of mild valiular damage, a nd in frank failure.
F RANK, CONGESTIVE HEART

METHODS
Mongrel, female dogs 1 I 8-28 kg) were kept throughout these studies on a co lstant diet with a daily sodium intake of approximate17 IOO mEq. Following perineotomy the dogs were rained to stand quietly in the Pavlov stand for renal clearance experiments.
Since the state of prehydration has been shown to alter the response to salt loading (4), a reproducible state of hydration was insured for each experiment by administering 500 ml of water by stomach tube 16 hours before the clearance measurements. Previous experiments have demonstrated that such a water load will be eliminated in this period even in the dog in frank failure (5) .
After the trained, fasted dog was placed in the Pavlov stand, polyethylene catheters were introduced into two leg veins for blood sampling and for infusion, and a Foley catheter inserted into the bladder.
The latter was allowed to drain continuously into a graduated cylinder, and the bladder rinsed twice with measured volumes of distilled water at the end of each clearance period . A priming dose of para-aminohippurate and creatinine was administered in distilled water, followed by a constant infusion of these substances at the rate of I ml/min. After I hour of equilibration, control clearances were measured over two 2o-minute periods, with a blood sample at the mid-point of each period. Following the two control periods, I000 ml of warm, isotonic saline was infused intravenously in IO fig. 3B ) a 25 % rise in filtration rate was observed in the first period, which is comparable to that measured in the normal state in this animal.
However, the creatinine clearance fell to control levels in a later period. The enhanced sodium excretion (20 % of the sodium load excreted versus 4 Yo) was, in large measure, the result of the two-to three-fold increase in urinary sodium concentration.
In one dog pulmonary insufficiency was produced at the first operation in an attempt to dissociate the effect of the elevated right atria1 pressure produced by tricuspid insufficiency from those changes produced by cardiac incompetence per se. The detailed protocol of this dog (5) (I) in patients who had been in failure but were compensated at the time of the determinations. Our observations are also in agreement with those of Davis and colleagues in dogs with thoracic inferior vena caval constriction (9) or pulmonary stenosis (I 0). The mechanism by which this important and progressive decline in renal blood flow is produced is yet to be fully clarified, although accumulating evidence emphasizes the role of the sympathetic nerves in the renal ischemia of congestive heart failure. Brod and co-workers ( 11, I 2) In A, 5% and 26% of the sodium load were excreted;
in II, 4% and 20% were excreted.
the direct, intrarenal infusion of Dibenzyline, a potent . adrenergic blocking agent. Much of the confusion concerning the physiological role of the renal nerves arises from the fact that most of the experiments designed to study their actions were performed either in the normal animal in which sympathetic activity is low (14) , or, at the other extreme in deeply anesthetized animals, in which condition marked and intense renal vasoconstriction is .present. In the normal, unanesthetized animal sympathetic activity of the renal nerves is undoubtedly low, as shown by novocainization of renal nerves of the explanted kidney (14) , or the infusion of Dibenzyline into the renal artery of normal dogs (I 3). However, with the production of mild cardiac incompetence (e.g. tricuspid insufficiency) the decrease in renal blood flow can be reversed by intrarenal Dibenzyline, indicating that in this early stage of heart disease increased activity of the renal nerves is already present.
The elevated renal venous pressure in the dogs with tricuspid insufficiency probably is not the important factor in the reduction of renal blood flow. Since arterial pressure is unchanged, the pressure drop across the kidneys is reduced approximately I o % by the increase in venous pressure, but flow is reduced more than 20 %. Moreover, two dogs with tricuspid insufficiency had a rise of renal plasma flow. Further, in the dog with pulmonary insufficiency, renal venous pressure was
normal, yet renal plasma flow was reduced 20 %. Finally, the 40-50 % reduction in renal plasma flow in the dog in failure cannot be accounted for by this mechanism alone.
At each stage the response of the dogs to a rapid saline load was investigated in an attempt to extend the observations of Barger, Ross and Price (5) (22) and others have suggested that the fluid retention in, congestive failure was similar to that observed in other types of circulatory stress. Sodium and water retention are found in a number of diverse clinical conditions in which there is reduction in 'effective circulating blood volume' or in which there is a tendency toward decrease in arterial pressure (23) . For example, sodium and water retention is observed in man and dogs after relatively mild hemorrhage. In a subject standing on a tilt table, the pooling of the blood in the lower extremities also leads to antidiuresis; this can be prevented by tilting the subject in water, thus preventing the pooling (24) . Similarly, the antinatriuresis produced by sequestering blood in the extremities by venous occlusive cuffs can be prevented by the transfusion of I-134 liters of blood, a volume equivalent to that sequestered by the cuffs (25 
